A B S T R A C T ODF1 has been described as an exclusively expressed testicular protein and is located in the outer dense fibers along the sperm tail. ODF1 has been involved in the sperm motility and in the development of the flagellum, but the function of ODF1 is not already clear. Other ODF proteins, such as ODF2 have been characterized in other tissues like the basal body of the kidney primary cilium, but so far only the mRNA of ODF1 has been described in other tissues. These observations let us to hypothesize that the expression of the protein ODF1 could not be limited to the testis. Therefore, in the present work we proposed to evaluate if the ODF1 protein could also be present in tissues other than the testis. Here we demonstrated through western blot, immunofluorescence, and RT-PCR techniques that the protein and mRNA of ODF1 have been identified in the rat kidney. Finally, the presence of ODF1 in kidney has also been confirmed through proteomic analysis using mass spectrometry. The results derived from these different complementary approaches indicate that, to our knowledge and for the first time, ODF1 is demonstrated to be present in an additional organ different to testis. This results raise new questions about potential other functions and locations of the ODF1 protein.
Introduction
The sperm tail contains the axoneme and certain accessory structures like the mitochondrial sheath, outer dense fibers (ODF) and fibrous sheath [1] .These structures are assembled during spermatogenesis through a precise arrangement of microtubules, mitochondrial migration and Golgi transformation [2] .
The ODF proteins are synthesized after the transcriptional activity has ended, in the latter part of spermiogenesis. This implies that these major integral proteins of the tail are translationally regulated and ODF mRNAs are long-live [3, 4] .
The ODF were clearly defined by transmission electron microscopy and they are composed of more than a dozen different proteins of which only a few have been identified [5, 6, 7, 8, 9, 10, 11] . ODF seem to be important for the stability and the elastic recoil of the sperm tail, as well as for support of the flagellar beat [12, 13] .Other authors suggest that the phosphorylation state of the ODF polypeptides may influence such functions and possibly affect sperm motility [5] . ODFs proteins are expressed together and their interaction have been described in the spermatogenesis and in the sperm tail [14] . ODF1(Outer dense fiber 1), also called HSPB10(Heat Shock Protein B10) is the major protein of the ODF in the mammalian sperm tail [10] , and it has a molecular mass of 27 kDa. Analysis of ODF1 amino acid structure indicated the presence of a putative leucine zipper dimerization motif in the N-terminus and the presence of PCX repeats in the C-terminus [6] . The N-terminus motif mediates the interaction with the heavy chain of KCL3 [1] , ODF2 [14] , Spag4, and Spag5 [15] .Our group in 2011 described that ODF1, undergoes maturational changes during epididymal transit like sulfhydryl oxidation. When the sperm cysteines were blocked by monobromobimane in rat [16] and human sperm [17] the spermatozoa lost the progressive motility, without affecting ATP production.
ODF1 therefore seems to be functionally involved in spermatid differentiation and formation of the sperm tail [18] . ODF1 deficiency in homozygous mice resulted in male infertility due to sperm decapitation. However heterozygous mice were fertile but showed reduced sperm motility [19] .
ODFs proteins are expressed together in meiotic and post-meiotic germ cells, and ODF1 and ODF2 co-localize and strongly interact via their leucine zippers during the spermiogenesis [14, 20, 21, 22] .Even though the ODF2 expression was firstly restricted to germ cells [21] , many authors have described the ODF2 as a modulator of the spindle orientation in the appendage of the mother centriole in the kidney [23] .
In spite that the mRNA of ODF1 has been described in other tissues [24, 25] so far there was no information in regard to the expression of the protein ODF1. Therefore, we hypothesized that the expression of the protein ODF1 could not limited to the testis and we proposed to evaluate if ODF1 could also be present in other tissues. In the present work, by different technique and proteomic analysis we have confirmed that the ODF1 protein is also expressed in the kidney, and specifically in the collecting ducts.
Materials and methods

Experimental animals and protocol
Adult male Wistar rats were obtained from our animal facility and maintained under the guidelines of local animal care committee. Animals were sacrificed in accordance to the local guidelines. The protocol was approved by the Institutional Committee for use of Laboratory Animal (ICULA-Res. 32/95, School of medicine, UNCuyo).
Tissue preparation
Testes, livers, kidneys(total fraction: cortex plus medulla), brains and lungs from three different animals were homogenized in chilled extraction buffer containing 300 mM Sucrose, 18 mM Trizma Base, 5 mM EGTA, pH 7.4 [26] with a tissue homogenizer Ultraturrax T25 (IKA--TRON-Staufen, Germany). The homogenates were centrifuged at 14,000 xg for 20 min at 4 C (Eppendorf Model 5417R Hamburg, Germany). Both fractions (supernatant and pellet) were boiled for 5 min and the protein concentration was determined.
Isolation of cytoskeletal fraction in kidney
Kidney cortex (KC) and medulla (KM) were isolated and homogenized in chilled extraction buffer containing 0.1% Triton X-100, 30 mM imidazole, 10 mM EDTA, 2 mM MgCl2, 0.1 mM dithiothreitol, and Protease Inhibitor Cocktail (cat#P8340 Sigma Aldrich), pH 7.4. The homogenates were centrifuged at 35,000 xg for 10 min at 4 C to separate the Triton-soluble supernatant (non-cytoskeleton: NC) protein fraction, from the Triton-insoluble pelleted fraction (cytoskeleton: C). The pellets were re-suspended in the extraction buffer to complete the volume of the original homogenate, resulting in similar protein concentration as in supernatants [27] . Both fractions (supernatant and pellet) were boiled for 5 min and the protein concentration was determined.
Protein determination and western blot analysis
By BCA method the total protein concentration were obtained [28] and were added with Laemmli sample buffer and were loaded onto 15% (w/v) acrylamide gel with 4% (w/v) stacking gel [29] . All Blue-Bio Rad (cat#161-0373) was used as molecular weight marker.
Proteins were transferred to a nitrocellulose membrane [30] . For immunoblotting, the membrane was incubated overnight in blocking buffer (3% (v/v) Teleostean gelatin fish in TBS-T, 1.92 mM Trizmabase, 0.1% (v/v) Tween 20) at 4 C, incubated 1 h at rt (room temperature) with primary antibody anti-ODF1 against the N-Terminal (cat#sc-27907Santa Cruz, 1:1000) and middle fraction (cat#sc-23132 Santa Cruz,1:1000). The labeling was visualized with biotinylated anti-goat IgG antibodies (cat#B7014 Sigma Aldrich, 1:2500) and with extravidin-peroxidase (cat#E2886Sigma Aldrich, 1:750).
As loading control immunoblotting against α-tubulin (cat#69125MP-Biomedicals 1:7500) was carried on. The labeling was visualized with biotinylated anti mouse IgG antibodies (cat#B7014 Sigma Aldrich, 1:2500) and with extravidin-peroxidase (cat#E2886Sigma Aldrich, 1:750). All the antibodies were incubated for 1 h at rt and washed three times with TBS-T for 5 min. Extravidin-peroxidase was incubated for 45 min at rt and washed three times with TBS.
Bound antibodies were visualized by enhanced chemiluminescence (1 M Trizma base pH 8.5, 250 mM luminol, 90 mM cumaric acid, 3% (v/ v) H 2 O 2 ) and the images were captured by a camera model LAS 4.000 (Fujifilm Tokyo, Japan).
Relative quantitative Reverse Transcriptase polymerase chain reaction (RT-PCR)
Total RNA was extracted from testis, liver and kidney from two different animals, 100 mg of frozen tissues were homogenized mechanically in 1 ml Trizol reagent (cat#15596-026 Invitrogen) and RNA extracted with 0.2 ml chloroform per ml. Lysates were allowed to stand for 5 min at rt and centrifuged at 12,000 xg for 15 min at 4 C. Upper aqueous phases containing RNA were transferred to fresh tubes with 0.5 ml isopropanol per ml Trizol to precipitate the RNA at rt for 10 min. RNA was pelleted out by centrifugation at 12,000 xg for 10 min at 4 C. RNA pellet were washed with 1 ml of chilled 70% ethanol, centrifuged at 7,500 xg for 5 min at 4 C and air dried. RNA pellets were solubilized in 25 μl UltraPure™ DNase⁄RNase-Free Distilled Water. Concentration and purity of the samples was spectroscopically (Nano drop lite Thermo Scientific). Two (2) micrograms of total RNA was randomly reverse transcribed with 200 units M-MLV enzyme Reverse Transcriptase (Cat#28025-013 Invitrogen). Twenty (20) μl of reaction mixture were added, following the manufacturer's instructions. PCR was then performed using the reverse transcription products obtained as described above.
A primer designed using Primer3® software (www.ncbi.nlm.nih.gov/ tools/primer-blast/) was used for the amplification by PCR at equimolar concentration.Odf1 primers (Invitrogen). Fw:GACCA-TAATGGCCGCACTG. Rv:CGATCTTGACACAACTGCCG. Product: 560 pb. As a positive control, β-Actin was used (Cat#B072-40 Promega). Fw:GGAACCGCTCATTGCC. Rv:ACCCACACTGTGCCCATCTA. Product: 289 pb.
The PCRs were carried out in a 25 μl reaction volume containing 2 μl of cDNA, 23 pmol of each primer, 200 WM dNTPs (cat#10297-018) 5 mM MgCl2, 1.5 U of Taq DNA polymerase (cat#11615-036) and 1X Taq DNA polymerase PCR buffer (Invitrogen). The cycling parameters were as follows: 95 C, 5min; 35 cycles: 95 C, 60s; 62 C, 90s; 72 C, 1min. Negative control included PCR reaction without template DNA. Amplified products were run on agarose gel (2% w/v), 100 pb DNA ladder (cat#15620-019Invitrogen) was used and dyed with SYBR Safe -DNA Gel Stain (Invitrogen). The images were captured by a camera LAS 4.000.Densitometry analysis was performed in Image J software(Version 1.46; NIH), and Odf1 mRNA expression was normalized to the β-Actin mRNA expression, the testicular expression of ODF1 that was considered as 100% [31] .
Indirect immunofluorescence
Rats were anaesthetized with sodium pentobarbital (60 mg/kg IP). Then, kidneys were perfused through the abdominal aorta with ice-cold phosphate buffered saline (PBS) solution to rinse away all the blood. Then, the kidneys were fixed by retrograde perfusion with 40 ml of 4% paraformaldehyde in 9.4 mM Na 2 B 4 O 7 , 0.34 mM Na 2 SO 3 , 0.16 M H 3 BO 3 , pH 7.4.
The kidney, testis and liver were removed and placed in paraformaldehyde for 4 h at room temperature and processed by routine histological technique [32] .
Paraffin sections (5-6 μm thickness) were dewaxed in xylol, rehydrated, and incubated with 50 mM of NH 4 Cl under UV light to quench the tissue auto-fluorescence. For antigen retrieval the slides were heated in buffer containing 10 mM Trizma base pH 8, 1 mM EDTA disodium salt, 0.05% (v/v) Tween 20. Endogenous peroxidase was blocked and the tissue was permeabilized with 10% (v/v) goat serum 2% (w/v) bovine serum albumin, 10% (v/v) Triton X100 in PBS for 30 min at rt. After washes, the sections were incubated with the antibody against ODF1 (cat#sc-279071:100). As a polyvalent biotinylated secondary antibody and the later fluorescent labeling (Extravidin-Fluorescein isothiocyanate) we used a Vectastain Kit R.T.U. 23 ® (Vector laboratories, USA). To identify collecting ducts a goat polyclonal antibody against aquaporine 2 (AQP2, cat#sc-9882Santa Cruz,1:1000) was used. The same polyvalent biotinylated antibody described above was used and was reveled with Extravidin-Texas Red. Hoechst was used for nuclear stain. Negative controls included tissues unexposed to primary antibodies Confocal laser microscopy was performed using an Olympus FV1000 (Japan).
Kidney proteomic analysis
Protein isolation
Proteins were obtained from the testis, kidney medulla and further cytoskeleton fraction isolation, as was described above, but without addition of protease inhibitor. Firstly, a proteomic analysis was carried out in testis and the peptides of ODF1 that were detected were compared with the ones isolated from kidney.
Mass spectrometry analysis
Protein digestion and Mass Spectrometry analysis were performed at the Proteomics Core Facility CEQUIBIEM, at the University of Buenos Aires/CONICET (National Research Council) as follows: Coomassie G250-stained SDS-PAGE gel excised protein bands were sequentially washed and faded with 50 mM ammonium bicarbonate, 25 mM ammonium bicarbonate 50% acetonitrile, and 100% acetonitrile; reduced and alkylated with 10 mM DTT and 20 mM iodoacetamide and in-gel digested with 100 ng Trypsin (Promega V5111) in 25 mM ammonium bicarbonate overnight at 37 C. Peptides were recovered by elution with 50% acetonitrile-0.5% trifluoroacetic acid, including brief sonication, and further concentrated by speed-vacuum drying. Samples were resuspended in 15 μl of water containing 0.1% Formic Acid.
After that, the peptides were purified and desalted with ZipTip C18 columns (Millipore). The digests were analysed by nanoLC-MS/MS in a Thermo Scientific QExactive Mass Spectrometer coupled to a nanoHPLC EASY-nLC 1000 (Thermo Scientific, Germany). For the LC-MS/MS analysis, approximately 1 μg of peptides was loaded onto the column and eluted for 120 min using a reverse phase column (C18, 2 μm, 100A, 50 μm Â 150 mm) Easy-Spray Column PepMap RSLC (P/N ES801) suitable for separating protein complexes with a high degree of resolution. The flow rate used for the nano column was 300 nL min-1 and the solvent range from 7% B (5 min) to 35% (120 min). Solvent A was 0.1% formic acid in water whereas B was 0.1% formic acid in acetonitrile. The injection volume was 2μL. The MS equipment has a high collision dissociation cell (HCD) for fragmentation and an Orbitrap analyzer (Q-Exactive-Thermo Scientific, Germany). A voltage of 3,5 kV was used for Electro Spray Ionization (Thermo Scientific, EASY-SPRAY). XCalibur 3.0.63 (Thermo Scientific, Germany) software was used for data acquisition and equipment configuration that allows peptide identification at the same time of their chromatographic separation. A Data dependent method was used: Full-scan mass spectra were acquired in the Orbitrap analyzer. The scanned mass range was 400-1800 m/z, at a resolution of 70000 at 400 m/z and the twelve most intense ions in each cycle, were sequentially isolated, fragmented by HCD and measured in the Orbitrap analyzer. Peptides with a charge of þ1 or with unassigned charge state were excluded from fragmentation for MS2.
In a second stage a targeted approach was used, employing an m/z inclusion list with the m/z of ODF peptides which had been previously detected in testes samples (see Table 1 ).
Analysis of MS data
QExactive raw data was processed using Proteome Discoverer software (version 2.1.1.21 Thermo Scientific) and searched against Rattus norvegicus Uniprot database (http://www.uniprot.org/) and ODF sequence, with trypsin specificity and a maximum of two missed cleavage per peptide. Carbamidomethylation of cysteine residues was set as a fixed modification and oxidation of methionine was set as variable modification.
Proteome Discoverer searches were performed with a precursor mass tolerance of 10 ppm and product ion tolerance to 0.05 Da. Protein hits were filtered for high confidence peptide matches with a maximum protein and peptide false discovery rate of 1% calculated by employing a reverse database strategy, for medium confidence peptide matches a peptide false discovery rate of 5% was allowed. The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE [33] partner repository with the dataset identifier PXD014848.
Results
Detection of ODF1 in kidney by western -blot and RT-PCR
To determine possible new locations of ODF1, we performed western blot analysis in different tissue. We found that anti-ODF1 antibody against the N-terminal (Figure 1a ) and middle fraction (Figure 1b ) of the protein, recognized two or more proteins bands under 29 kDa, in the pellet fraction of the testis and kidney. No signal was observed in the liver (Figure 1a and Figure 2 ) brain and lung (Figure 2 ) pellet fraction. Due to the stabilization by disulfide bonds, ODF1 is an insoluble protein, so as we expected in the supernatant fraction obtained from testis, kidney, liver, brain and lung no positive band to anti-ODF1 was detected ( Figure 2 ).
The strongest signal was observed in the testis and in the kidney medulla-cytoskeleton fraction (KM-C) and a weak signal was found in the kidney cortex-cytoskeleton fraction (KC-C). Conversely in the noncytoskeleton fraction of the cortex (KC-NC) and the medulla (KM-NC) no peptide has been recognized by ODF1 antibodies. α-tubulin antibody was used as loading control (Figure 1c) .
In order to detect the Odf1 mRNA we carried out the RT-PCR and we amplified the respective messenger in testis and kidney, but not in liver of the studied rats. As expected the highest expression was observed in the testis and a lower expression was also found in male kidney (Figure 1d and e).
Localization of ODF1 in kidney by immunofluorescence
In order to characterize the location of ODF1 in kidney we applied immunofluorescence analysis. Testis cross-sections were used as a positive control of ODF1 antibodies, as well as liver cross-sections were used as a negative control due to the negative signal observed in western-blot.
Confocal images showed a positive signal to ODF1 in the epithelia of the seminiferous tubules (Figure 3f and h) . In contrast liver confocal images did not display a positive reaction to ODF1-antibodies, only a weak signal and with different location was observed (Figure 3n and p) .
In images obtained from kidney-medulla a positive reaction to anti-ODF1 in the cytoplasm of the collecting ducts was observed (Figure 4l and o). The same tubules were also positive to AQP2, even though no colocalization was detected (Figure 4m and o) . The kidney-cortex images analyzed did not reveal any positive signal to ODF1 neither to AQP2 (Figure 4g, h, and j) . 
ODF1 proteomic detection in kidney
To confirm the presence of ODF1 in the kidney, we use the proteomic strategy. In the targeted analysis (priority MSMS list) against the rat data base, nine peptides with 99% of confidence (High) and one peptide with 95% of confidence (medium) were detected in testis as derived from 208 PSMs (peptide spectrum matches). In non-cytoskeleton fraction kidney medulla extracts, also 2 peptides were identified at 95% of confidence as derived from three PSMs detected. In cytoskeleton fraction kidney medulla extracts, also 3 peptides were identified at 95% of confidence as derived from four PSMs detected (Table 2 and Figure 5 ).
Discussion
ODF1 is a component of the outer dense fibers and so far had been described only as a testicular and sperm protein, but for the first time in the current work we also described using different complementary approaches its presence in male rat kidney, and specifically in the collecting ducts.
ODFs proteins are expressed together in meiotic and post-meiotic germ cells, and ODF1 and ODF2 co-localize and strongly interact via their leucine zippers during the spermiogenesis [14, 19, 20, 21] . A proteomic profiling of flagellar structures identified multiple forms of ODF proteins, in special ODF1 and ODF2 that could represent isoforms or post-translationally modified versions of either proteins [34] . The Odf2 gene encodes at least ten proteins by alternative splicing [35] , and ODF2 have been localized in centrosomes, in photoreceptor primary cilia, and in basal bodies of ciliated cells in the respiratory epithelium and in the kidney ducts [36] . Despite many authors suggest that ODF1 is exclusively a testicular protein, specifically in the centrosome-derived head-tail coupling apparatus [37] and in the sperm tail [38] , surprisingly in this article we describe the mRNA and the ODF1 protein expression in the kidney.
In these sense the Bgee and Uniprot KB (P21769), a database that provides a link between genes and phenotypes [38, 39] , using RNA-seq as source of the information, suggests that the highest expression of Odf1 mRNA is in the testis and indicates that the mRNA corresponding to this protein also presents lower expression in skeletal muscle, brain, colon and male kidney too. But no information was reported regarding to the expression of the protein. NC: peptide found in the non-cytoskeleton fraction of kidney medulla. C: peptide found in the cytoskeleton fraction of kidney medulla.
The experimental results presented in the current article demonstrated the expression of ODF1 in the kidney and particularly its location in medullar collecting ducts as confirmed by the co-expression with AQP2.
Even though the peptides found in the kidney have a 95% of confidence with ODF1, the detection of this protein by western blot and indirect immunofluorescence in kidney, and the detection of corresponding mRNA by RT-PCR, allowed us to validate its expression and the presence of ODF1 in the medulla kidney rat.
Many reports characterized to ODF1 as a phosphoprotein. At least, 6 phosphopeptides were described in the spermatozoa of fertile men using a phosphopeptide enrichment before proteomic analysis [39] . But when this technique was applied in other tissues, only in testis, ODF1 phosphopeptides were identified [40] . Phosphoproteome, using medulla kidney enriched samples, are necessary to determine the presence of phosphopeptide of ODF1 in kidney.
Kidney ducts and in special the collecting ducts develop a primary cilium. Spermatogenesis and ciliogenesis are processes that involve cell polarization and microtubule rearrangement [41] . They also express in common many proteins [39, 40] , that are necessary in the development of cilium and flagellum and their impairment are involved in ciliopathies and infertility [41, 42] .
Conclusion
ODF1 is a component of the outer dense fibers and had been described so far only as a testicular and sperm protein, but in the current work we also describe its expression in the kidney cells. This result is supported by 3 independent lines of evidence; by combining western blot, RT-PCR techniques and LC-MS/MS proteomic analysis. Using immunofluorescence, we also demonstrate a co-expression with AQP2. Taking into account that collecting ducts cells develop a primary cilium and that ODF1 is expressed in these cells we suggest that ODF1 is part of the cilium. This result provides further insights on the expression of ODF1 in the genesis of flagella and cilia in health and disease in different organs and therefore should stimulate further research towards a better understanding of cilia biology and perhaps new therapeutic targets.
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